Research suggests that clearly detectable stimuli can be missed when attention is focused elsewhere, particularly when the observer is engaged in a complex task. Although this phenomenon has been demonstrated in vision and audition, much less is known about the possibility of a similar phenomenon within touch. Across two experiments, we investigated reported awareness of an unexpected tactile event as a function of the difficulty of a concurrent tactile task. Participants were presented with sequences of tactile stimuli to one hand and performed either an easy or a difficult counting task. On the final trial, an additional tactile stimulus was concurrently presented to the unattended hand. Retrospective reports revealed that more participants in the difficult (vs. easy) condition remained unaware of this unexpected stimulus, even though it was clearly detectable under full attention conditions. These experiments are the first demonstrating the phenomenon of inattentional numbness modulated by concurrent tactile task difficulty.
Introduction
Do we need attention for awareness of tactile information? If someone taps us on the shoulder, are we less likely to notice their other hand going into our pocket? The inattentional blindness literature has demonstrated the important link between attention and awareness in vision, showing that even salient and potentially important information can go unnoticed when attention is focused elsewhere (e.g. Drew, Võ, & Wolfe, 2013; Mack & Rock, 1998; Simons & Chabris, 1999) . The same phenomenon has also been reported within audition (Dalton & Fraenkel, 2012; Koreimann, Gula, & Vitouch, 2014) , but whether similarly extreme effects exist for unattended tactile information has not yet been established. Because perception of unexpected tactile stimuli is potentially crucial for our survival (e.g. in the case of a poisonous spider crawling on our skin), it may be that tactile processing is less open to attentional modulation than the other senses. In line with this possibility, tactile processing is sometimes considered more 'primitive' because tactile input is directly informative, whereas information from other senses such as vision and audition requires significant further processing before identification can occur (Gregory, 1967) .
We do know that selective attention operates successfully within the tactile modality, such that we are able to ignore large amounts of tactile information, for example the feel of clothes against our skin (e.g. Graziano, Alisharan, Hu, & Gross, 2002; Holmes & Spence, 2006) . In addition, sensitivity to tactile stimuli that are presented frequently throughout an experiment can be reduced by the presence of a demanding visual task (Murphy & Dalton, 2016) . But this existing research measures awareness of stimuli that are expected by the participants and are thus, at least to some extent, attended. What about the more lifelike situation in which a single tactile stimulus appears "out of the blue", without any warning, rendering it genuinely unattended? Can this scenario lead to clearly noticeable stimuli being missed altogether? And if so, what are the circumstances that make this 'inattentional numbness' more or less likely?
The existing literature on inattentional blindness has demonstrated that the extent to which stimuli are missed can be modulated by current task demands. For example, Simons and Chabris (1999) manipulated task difficulty in a counting task involving participants watching a video of two teams passing a basketball between them. Those in the easy condition counted the total number of passes one of the basketball teams made, whereas those allocated to the difficult condition kept separate counts of air passes and bounce passes. Participants doing the difficult task were more likely than those doing the easy task to be inattentionally blind to the unexpected appearance of a woman walking across the scene either in a gorilla suit or carrying an umbrella (see also De Fockert & Bremner, 2011; Fougnie & Marois, 2007) . Similarly, it has been demonstrated that increases in visual perceptual load in a relevant task result in greater levels of inattentional blindness to task-irrelevant visual stimuli (Cartwright-Finch & Lavie, 2007; Macdonald & Lavie, 2008) as well as auditory stimuli (Macdonald & Lavie, 2011; Raveh & Lavie, 2015) and tactile stimuli (Murphy & Dalton, 2016) . However, increases in auditory task demand do not always lead to reduced processing of auditory distractors (e.g. Murphy, Fraenkel, & Dalton, 2013) or visual distractors (e.g. Tellinghuisen & Nowak, 2003) , as reviewed by Murphy, Spence, and Dalton (2017) . It has therefore been proposed that reductions in distractor processing might be more likely to occur in relation to increases in the demands of attended visual tasks than tasks in other sensory modalities (e.g. Murphy & Dalton, 2016) . In order to test this possibility, it is now important to examine the effects of manipulations of task demands in modalities other than vision and hearing. Here, we manipulate the demands of a tactile task, with the prediction that detection of concurrent task-irrelevant tactile stimuli will be reduced under a high (vs. low) demand.
Although to our knowledge people's susceptibility to inattentional numbness has not previously been investigated as a function of the ongoing tactile task demands, one previous study found evidence to suggest that processing of irrelevant tactile information could be reduced under high (vs. low) tactile demand (Adler, Giabbiconi, & Müller, 2009) . A stream of tactile stimuli was presented to one hand whilst tactile distractors were presented to the other, and the task was either to detect (low load) or to discriminate (high load) a target. ERPs in response to the presence of distractor stimuli on the unattended hand were significantly reduced under high load compared to low load, suggesting that the distractors captured attention to a lesser extent under the higher tactile task demands. However, because the tactile distractors were presented throughout the experiment, it is likely that participants in this study deliberately allocated some attention to the distractors throughout the experiment. The differences observed in distractor processing under high (vs. low) load could therefore relate to strategic differences concerning the level of priority that participants assigned to distractor processing under high (vs. low) load, rather than reflecting genuine effects of the load manipulation on tactile perception itself. This criticism also applies to our own previous crossmodal work, in which detection sensitivity for frequently-presented tactile stimuli was reduced under a high (vs. low) visual perceptual load (Murphy & Dalton, 2016; and note, in addition , that this work investigated visuotactile effects, in contrast to the unimodal focus of the current paper). In order to avoid any influence of strategic effects of this kind, the current experiments used a 'one shot' inattention design, in which the irrelevant tactile stimulus is presented only once, completely without warning, at the end of the experiment. The lack of any expectation of the stimulus removes the possibility that participants will allocate attention towards it in advance, precluding the strategic effects of this type that are likely to occur in experimental designs in which distractors are presented throughout the experiment. The current paradigm is also more informative about real-world situations, in which critical tactile stimuli are much more likely to appear without warning and thus in the absence of any expectation.
Perhaps for these reasons, this 'one shot' paradigm has been prevalent in the recent visual and auditory inattention research. However, only one such demonstration has been reported within the tactile domain (Mack & Rock, 1998) . Over several trials, participants determined the identity of letters manually traced on one arm, then on a final trial an air puff or water droplet was unexpectedly delivered to the unattended arm. When questioned immediately afterwards, the majority of participants failed to report perception of the unexpected tactile event. These findings are promising in suggesting that tactile stimuli can be missed in the absence of attention. However, the methodology used was insufficiently robust to constitute a reliable demonstration of the phenomenon. For example, all of the stimuli were manually delivered, meaning that unintentional variations in stimulus delivery across trials could have affected the results. Here, we used controlled stimulus presentation techniques to provide the first robust demonstration of inattentional numbness to a one-off, unexpected tactile event, asking whether the likelihood of missing this event would be modulated by the difficulty of a concurrent tactile task. We predicted higher levels of inattentional numbness when participants performed a difficult (vs. easy) counting task.
Experiment 1
In Experiment 1, we manipulated difficulty by varying the task requirements between participants in an otherwise identical task set-up. Participants were presented with a sequence of tactile stimuli on every trial, with each stimulus constituting either a constant or a pulsed vibration. Half of the participants counted the total number of stimuli in the sequence, whereas the other half kept a separate count of constant versus pulsed vibrations. On the final trial, an additional vibration was unexpectedly presented to the unattended hand and participants were asked immediately afterwards whether they had noticed anything other than the target sequence.
2.1. Methods 2.1.1. Participants 82 participants (18-47 years of age; 37 females and 45 males; 14 left-handed) were recruited at Royal Holloway, University of London, and took part in the experiment in exchange for entry in a £40 prize draw. None of the participants were psychology students to ensure that they were all naïve as to the purpose of the experiment (and this also applies to Experiment 2). All participants reported normal tactile sensitivity and normal or corrected-to-normal vision.
Apparatus and stimuli
The experiment was programmed and run using E-prime 2.0 (Psychology Software Tools Inc, 2012), with visual stimuli presented on a 19″ Samsung SyncMaster 940N monitor (60 Hz refresh rate). Tactile stimuli consisted of vibrations delivered by two tactors (Starkey bone conduction hearing aids) driven by audio files. The hearing aids were attached to the palms of participants' hands with medical tape. Participants were seated with their hands stretched out in front of them with the palms facing upwards on a foam board with hollowed out slots to ensure that the hands remained at a constant separation of 10 cm (in order to avoid any influence of hand separation effects, in which the processing of tactile distractors on an unattended hand is typically reduced with increased separation between the attended and unattended hands; e.g. Driver & Grossenbacher, 1996) . A black cloth covered the hands to conceal any visual cues and white noise at 60 dB SPL was continuously played over headphones to mask any auditory cues from the stimuli. See Fig. 1 for a picture of the setup.
Each trial sequence comprised between five and eight tactile stimuli, appearing with equal probability. The stimuli were all 300 Hz square wave signals, 100 ms in duration with an ISI of 1000 ms. These could either comprise a constant vibration lasting the entire 100 ms or a pulsed vibration consisting of three 20 ms vibrations alternating with two 20 ms periods of no signal. For each sequence length, sets of randomly generated stimulus patterns were created with the constraint that each stimulus type appeared at least once. These sequences were presented in a random trial order, except that the final (16th) trial, which included the concurrent presentation of the unexpected tactile stimulus of interest (the 'critical stimulus'), was identical for all participants. This final trial included an attended sequence of eight stimuli. 6610 ms from the onset of the sequence, the critical stimulus also appeared, comprising a 20 ms 150 Hz square wave signal.
Procedure
On each trial, participants were instructed to count the stimuli presented to their attended hand (left for half of the participants, right for the other half). Half of the participants were allocated to the easy task, in which they counted all the stimuli. The remaining participants were allocated to the difficult task, in which they kept separate counts of the number of constant vibrations and the number of pulsed vibrations. During the sequence presentation, a cross was presented at the centre of the screen to ensure central fixation. At the end of each sequence, participants called out the total count(s), and the experimenter manually entered this information using the computer keyboard. In the difficult task condition, participants first reported the number of constant vibrations followed by the number of pulsed vibrations. Feedback ('correct' or 'incorrect') was presented on the screen for 1000 ms. Before starting the experiment, participants were given four example trials, two to each hand. In order to provide a rationale for the presence of the tactor on the unattended hand, they were informed that at the start of every block they would receive instructions as to which hand to attend to. Prior to the experimental block, participants performed four practice trials, attending to the same hand as the upcoming block. The experimental block consisted of 16 trials, and on the 16th trial, the critical stimulus was presented to the unattended hand simultaneously with the target sequence. Rather than making the usual response, participants were immediately presented with the question: "Did you notice anything else apart from the sequence?" which required a "yes" or "no" spoken response. Participants who answered "yes" were subsequently asked to provide further information about what they felt (again, the "yes"/"no" response and any further information were entered manually by the experimenter). If participants reported the vibration without specifying the location, the experimenter prompted them further by asking where they felt it. Those who reported noticing a vibration on the unattended hand were categorised as having identified the critical stimulus. For participants who responded "no" or for those who responded "yes" but gave an incorrect description, the final trial was presented once more but this time they were instructed to ignore the target and to pay attention to any other event happening simultaneously. In line with the conventions established in the visual and auditory inattention research, only the data from participants who successfully reported the critical stimulus on this full attention control trial were included in the final analyses. This is an important part of the experimental method in this paradigm, because it allows experimenters to verify that all participants included in the analyses have the capability of detecting the critical stimulus as presented in the experimental set-up. This means that any failures to detect the stimulus on the critical trial must reflect attentional effects, rather than relating to other factors (such as problems in baseline detectability of the critical stimulus).
Results and discussion
Data from 14 participants were excluded from the analysis, leaving 36 participants in the easy condition and 32 participants in the difficult condition. Of the 14 removed participants, we excluded seven for failing to notice the critical stimulus on the full attention control trial (four from the easy and three from the difficult condition), one due to technical problems, three for reporting the critical stimulus on the wrong hand (making the responses difficult to interpret), and three from the high task difficulty condition because of a complete failure to perform the counting task (0% accuracy).
Task performance
For the high task difficulty condition, accuracy on every trial was calculated by taking the mean of both responses. Participants were significantly more accurate in reporting the number of vibrations under low task load (M = 97%; 95% CI [96, 99] ) than under high task load (M = 51%; 95% CI [42, 59] ), t(66) = 12.22, p < .001, d = 2.88, indicating a clearly successful load manipulation. Note that although the overall high task load error rate is around 50%, this performance is still substantially above chance given that a response only counted as 100% correct if the exact correct count (which could range from one to seven) was given for both stimulus types.
Detection of critical stimulus
Responses to the critical stimulus were no different depending on whether the participants attended to the left or the right hand (χ 2 (1, N = 68) = 2.08, p = .15), so the two groups were combined for the subsequent analysis. Table 1 shows the number of participants who spontaneously noticed the unexpected stimulus ("Aware") versus those who failed to notice it ("Numb") as a function of task difficulty. 92% of participants in the easy task condition spontaneously noticed the unexpected vibration (95% CI [83, 100]), indicating that the critical stimulus was clearly detectable under these circumstances. This finding also verifies that the question that we used to probe people's awareness of the critical stimulus was capable of eliciting excellent performance despite being somewhat open-ended. By contrast, in the difficult task condition only 31% spontaneously noticed the critical stimulus (95% CI [14, 48] ), and the difference between the detection rates in the easy and difficult tasks was significant (χ 2 (1, N = 68) = 26.60, p < .001).
Overall, these results demonstrate that an unexpected tactile stimulus can fail to reach awareness when attention is focused elsewhere. The fact that the very same stimulus, presented under the same conditions, can be detected successfully in the subsequent full attention control trial means that the lack of awareness seen in the critical trial must reflect an attentional effect (rather than, for example, relating to problems with the overall detectability of the critical stimulus). Importantly, our findings also suggest that the level of demand in the attended tactile task can determine the extent to which inattentional numbness occurs, such that people are less likely to notice the critical stimulus under a higher task demand.
Experiment 2
In Experiment 2, we sought to replicate the finding from Experiment Fig. 1 . Picture of a representative experimental set-up. For illustrative purposes, the black cloth has been lifted to show the participant's hands. During the actual experiment the hands were occluded by the cloth.
Table 1
Number of participants in Experiment 1 spontaneously noticing the unexpected vibration ("Aware") versus only noticing the vibration on the full attention control trial ("Numb") as a function of task difficulty.
Task difficulty Response
Aware Numb Easy 33 3 Difficult 10 22
S. Murphy, P. Dalton Cognition 178 (2018) [1] [2] [3] [4] [5] [6] 1 that attending to a demanding tactile task can lead to inattentional numbness for an unexpected tactile event. In one condition, we used an exact replication of the difficult counting task from the previous experiment. We also introduced a condition in which participants completed this task with their hands crossed, in the expectation that this might increase the task demands further through introducing a conflict between the anatomical reference frame of left versus right body side and the external reference of space (e.g. because the left hand is now on the right side of the body midline). There is some evidence to suggest that introducing this type of conflict can contribute to increasing the difficulty of the task (see Badde & Heed, 2016 Roberts and Humphreys (2008) found no crossed-hand deficit for non-spatial responses in a temporal order judgement (TOJ) task, which suggests that the impairment may only be evident in tasks involving spatial judgements. Given that the target response in the present experiments is non-spatial, it may be that the crossing of hands will not further influence the task demands. However, there are other studies demonstrating effects of posture on tactile processing even in nonspatial tasks (e.g. Azañón, Camacho, & Soto-Faraco, 2010; Tamè, Farnè, & Pavani, 2011) , so the overall pattern of results on this question remains inconclusive. Nevertheless, although it is unclear from the previous literature whether the crossed hands manipulation will increase the difficulty of the counting task used here, it should certainly not reduce its difficulty. For this reason, a high level of inattentional numbness is predicted in both of the conditions tested in this experiment.
3.1. Methods 3.1.1. Participants 76 participants (18-36 years of age; 45 females and 31 males; 7 lefthanded) were recruited at Royal Holloway in exchange for entry in a £50 prize draw.
Stimuli and procedure
The experimental set-up and procedure were identical to the high difficulty condition of Experiment 1 except for the addition of the crossed hands condition. Participants in this condition placed their hands on a foam board with hollowed out slots to ensure similar separation between hands across participants. The crossing of hands was counterbalanced such that half of participants in this condition crossed their hands with the left hand on top and the other half with the right hand on top.
Results and discussion
Data from 18 participants were excluded from the analysis, leaving 26 participants in the crossed condition and 32 participants in the uncrossed. Of the 18 removed participants, we excluded 13 for failing to notice the critical stimulus on the full attention control trial (ten from the crossed condition and three from the uncrossed condition), two due to technical problems, two for not providing full report of the critical stimulus, and one due to a complete failure to perform the counting task (0% accuracy). Thus, interestingly, crossing the hands did not significantly reduce performance in the counting task. Table 2 shows the number of participants who spontaneously noticed the unexpected stimulus ("Aware") versus those who failed to notice it ("Numb") separated according to whether or not their hands were crossed. In the uncrossed hands condition, 59% of participants spontaneously noticed the unexpected vibration (95% CI [41, 77] ), whereas 46% did so in the crossed hands condition (95% CI [26, 67] ). However, the difference between the detection rates in the uncrossed and crossed hands conditions was not significant (χ 2 (1, N = 58) = 1.01, p = .32), suggesting that hand position does not influence the extent to which inattentional numbness occurs. Regardless of the lack of difference between crossed and uncrossed hands, only 53% overall spontaneously noticed the critical stimulus, meaning that almost half of the participants were inattentionally numb. To ensure that the uncrossed hands condition replicated the findings from Experiment 1, we performed a chi square test combining the low load condition from Experiment 1 with the uncrossed (high load) condition from Experiment 2. Indeed, the detection rate in the high load condition from Experiment 2 was significantly lower than the low load condition of Experiment 1(χ 2 (1, N = 68) = 9.82, p < .01). The same comparison was also run to compare the crossed hand condition from Experiment 2 with the low load condition from Experiment 1. This confirmed that detection rate was lower under high (vs. low) load (χ 2
Detection of critical stimulus
(1, N = 62) = 15.71, p < .001). Thus, despite not differing significantly from one another, the two high load conditions tested in Experiment 2 both elicited significantly lower detection of the critical stimulus than the low load condition of Experiment 1, replicating the finding that high (vs. low) task load increases inattentional numbness to unexpected tactile stimuli.
General discussion
The present study provides the first robust demonstration of inattentional numbness to a one-off tactile event that is completely unexpected and therefore genuinely unattended. Across the two experiments, 54% of participants failed to notice a vibration on their hand when their attention was strongly focused elsewhere, despite these same participants being clearly able to detect the vibration under full attention. Contrary to the suggestion that touch might be considered more 'primitive' than vision and hearing (Gregory, 1967) and might therefore be less open to effects of inattention, the pattern of findings reported here is in fact strikingly similar to those seen in vision (e.g. Cartwright-Finch & Lavie, 2007; Mack & Rock, 1998; Simons & Chabris, 1999) and in audition (e.g. Dalton & Fraenkel, 2012; Koreimann et al., 2014) .
The level of inattentional numbness was modulated by the task difficulty in the main tactile task, such that participants were much less likely to notice the unexpected tactile stimulus when completing a difficult (vs. easy) version of the task. These results chime with previous findings demonstrating that visual task demands can modulate the extent to which inattentional blindness occurs (e.g. Cartwright- Finch Number of participants in Experiment 2 spontaneously noticing the unexpected vibration ("Aware") versus only noticing the vibration on the full attention control trial ("Numb") as a function of hand position.
Indeed, this aspect of our findings could be taken as demonstrating that perceptual load theory (which predicts that increasing the perceptual load in a relevant task leads to reduced processing of irrelevant distractors; e.g. Lavie, 2010; see Murphy, Groeger, & Greene, 2016 , for a recent review) might apply within the tactile domain. This is an important possibility, because very few studies have made this claim before, and our results converge with the existing claims (e.g. Adler et al., 2009 ). However, we note that our manipulation of tactile task demand was not strictly perceptual in nature but will also have involved changes in the demands placed on higher-level cognitive processes such as working memory.
Interestingly, our findings stand in contrast to those from the auditory domain, where auditory task demands have not been consistently found to reduce distractor processing (e.g. Murphy et al., 2013) . Thus, although we have previously proposed that reductions in distractor processing might be more likely to occur with increases in visual task demands than with increases in demands in other sensory modalities (e.g. Murphy & Dalton, 2016) , our current findings pose the intriguing suggestion that perhaps instead the auditory domain constitutes the special case, while increases in tactile and visual demands in fact have similar effects. Indeed, one could argue that the selection mechanisms operating in audition have unusual characteristics that might set them apart from the mechanisms that operate within vision and touch. More specifically, whereas auditory selection operates through perceptual segregation of sounds to form different 'streams' upon which attention can then be focused (Bregman, 1990) , the visual and tactile systems both have strong mechanisms for spatial selection of relevant portions of the perceptual input. For example, whereas early auditory processing involves tonotopic organisation, in which neurons are topographically arranged according to their frequency selectivities, early visual and tactile processing involve retinotopic and somatotopic organisation respectively, such that neurons are topographically arranged according to their selectivity for regions of external space (in the case of vision) and body locations (in the case of touch). Thus, in the visual and tactile cases, the spatial layout of the stimulation (whether in external space or on the body surface) forms the primary basis of the neural organisation, whereas in the auditory case it is the frequency of stimulation that is represented in this way. It is possible that the more spatially-focused selection mechanisms operating in vision and touch allow a stronger focus of perceptual processing resources on relevant (vs. irrelevant) portions of the input than is afforded by the stream-based selection mechanisms operating within the auditory domain. This would explain why an increase in the perceptual load of a relevant task might reduce distractor processing effectively in both visual and tactile contexts, but not in auditory contexts. However, this suggestion remains somewhat speculative, not least because the load manipulations used in the current study were not specifically targeted at perceptual demands but are instead likely to have involved simultaneous changes in executive control demands.
While our findings provide a clear demonstration of the importance of spatial attention for tactile awareness, similar effects can also be seen in tasks that involve focusing of attention on particular moments in time. In particular, the attentional blink (AB), a phenomenon involving reduced ability to report a second target when it occurs in close temporal succession to a preceding target (e.g. Raymond, Shapiro, & Arnell, 1992) , has also been demonstrated within touch (Dell'Acqua, Jolicoeur, Sessa, & Turatto, 2006; Hillstrom, Shapiro, & Spence, 2002) . For example, Dell'Aqua et al. presented participants with two consecutive sets of tactile events, each consisting of three sequential vibrations to the fingers of both hands, and the task was to report which finger was first stimulated for either the first or both sets. The ability to correctly report the location of the second set varied as a function of temporal separation between the two sets, such that a reduction was seen when the two were presented with a short delay, demonstrating a tactile AB effect. These findings converge with those of the present experiment to demonstrate that tactile information can be missed when attention is focused elsewhere. Indeed, the AB and inattention paradigms have been suggested to reflect similar underlying mechanisms (e.g. Beanland & Pammer, 2012) . However, whereas the AB paradigms demonstrate an inability to identify an expected and frequently-repeated second stimulus (while processing of the first is still ongoing), the current experiment demonstrates a failure of awareness for the type of one-off, unexpected tactile stimulus that is much more likely to be encountered in real-world situations.
Experiment 2 demonstrated that crossing participants' hands did not further increase task difficulty in this particular set up (by comparison with the same task carried out with an uncrossed hand position) and the proportion of participants spontaneously noticing the unexpected stimulus was no different as a function of posture. Previous research demonstrating impaired task performance with crossed (vs. uncrossed) hands typically has a spatial component to the task, such as reporting the location of a target in a TOJ task (although see Azañón et al., 2010; Tamè et al., 2011) . Given that our task judgement was non-spatial, this might explain why no effects of crossing the hands were demonstrated. Another potential explanation relates to the relatively slow presentation rate of the stimuli, with ISIs of 1000 ms. In typical TOJ tasks, the crossed hand deficit is particularly prevalent when the stimuli are presented in close succession (e.g. Yamamoto & Kitazawa, 2001) , whereas the conflict of crossing hands seems to be resolved with longer delays between stimuli.
1 Interestingly, in the present set-up it may in fact be the case that increasing the separation between the hands would be more effective at increasing task difficulty than crossing the hands (e.g. Driver & Grossenbacher, 1996) . Despite the crossing hands condition not affecting task difficulty, importantly we replicated the findings from Experiment 1, with a large proportion of participants failing to spontaneously notice the unexpected stimulus when engaged in a demanding task. One possible alternative explanation for this finding is that participants in the crossed hands condition experienced reduced detectability due to a conflict between the anatomical and external reference frames. Gallace, Torta, Moseley, and Iannetti (2011) reported a reduction in intensity ratings to both tactile and painful stimuli when participants had their arms crossed (vs. uncrossed), which suggests that crossing the arms could reduce perception of information delivered to the skin. Interestingly, out of the 13 participants who failed to detect the tactile stimulus in the control trial, ten were from the crossed hands condition. Indeed, the proportion of participants in the crossed condition who had problems with the baseline detectability of the critical stimulus was significantly greater than that in the uncrossed condition (χ 2 (1, N = 71) = 4.38, p < .05). However, it is important to note that participants who failed the control trial were eliminated from further analysis. Thus all participants included in the main analyses could clearly notice the stimulus under full attention, so the findings from the main analyses cannot be open to alternative explanations in terms of the crossed hands condition reducing detectability overall. In addition, we note that the findings from the crossed hands condition closely mirrored those of the uncrossed condition, in which no such detectability effects would be expected. The large decrease in awareness of the unexpected tactile event seen under high (vs. low) task difficulty conditions could have important implications for the increased use of tactile warning information in for example cars (see Meng & Spence, 2015 , for a recent review) and aircraft (e.g. van Veen & van Erp, 2001 ). Because our findings clearly suggest a limitation in tactile processing resources, it might be important to ensure that the complexity of incoming tactile information is kept at a relatively low level to reduce the chances of concurrent tactile warning signals being missed. However, it is also important to note that the current unexpected stimulus, albeit clearly perceptible under full attention, was relatively weak in intensity and only presented for 20 ms.
One interesting future direction would be to investigate if a similar pattern would emerge for a more longer-lasting, dynamic tactile stimulus.
In conclusion, this study establishes inattentional numbness to a completely unexpected event for the first time in a robust setting. Importantly, these findings suggest that the extent to which inattentional numbness occurs is affected by tactile task difficulty. The striking reduction in reported awareness under high (vs. low) task load has important implications for any real-world settings where it is crucial that tactile warning signals are not subject to inattention.
Supplementary material
The data underlying this research (Dalton & Murphy, 2018) are archived as Experiments 5 and 6 at the following link: http://reshare. ukdataservice.ac.uk/853115/.
